We carried out observations toward the giant molecular cloud W 37 with the J = 1 − 0 transitions of 12 CO, 13 CO, and C 18 O using the 13.7 m single-dish telescope at the Delingha station of Purple Mountain Observatory. Based on the three CO lines, we calculated the column densities, cloud masses for the molecular clouds with radial velocities at around +20 km s −1 . The gas mass of W 37, calculated from 13 CO emission, is 1. . We compared the gas temperature map with the dust temperature map from Herschel images, and find similar structures. The spatial distributions of class I objects and the dense clumps is reminiscent of triggered star formation occurring in the northwestern part of W 37, which is close to NGC 6611.
W 37) have been observed in various scales. For instance, the CO 1 − 0 observations with the BIMA interferometer at a resolution about 0.1 pc of the 'pillars of creation ' (McLeod et al. 2015) in M 16 show that the velocity gradients along the 'pillars of creation' are produced by ionization front impact with a cloud core (Pound 1998) . In the scale of the whole GMC W 37, the Herschel images enable Hill et al. (2012) to find a prominent eastern filament running southeast-northwest and away from the high-mass star-forming central region M 16 and the NGC 6611 cluster, as well as a northern filament which extends around and away from the cluster in the forms of dust temperature and column density maps. Moreover, the dust temperature in each of these filaments decreases with increasing distance from the NGC 6611 cluster, indicating a heating penetration depth of ∼ 10 pc in each direction in 3 − 6 × 10 22 cm −2 column density filaments. These results suggest that the NGC 6611 cluster impacts the temperature of future star-forming sites inside the W 37
cloud, modifying the initial conditions for collapse (Hill et al. 2012 ).
Previous CO lines observations toward the GMC W 37 were from the 12 CO 1 − 0 survey of the entire Milky Way (Dame et al. 2001 ). This CO survey (hereafter 1.2 m CO survey) has an angular resolution ∼ 8. ′ 5 at 115 GHz, and a velocity resolution mostly at around 0.65 km s −1 . Along the same line of sight (LOS) toward W 37, the 1.2 m CO survey detects CO line emissions in the range between −5 km s −1 and 140 km s −1 . Ragan et al. (2014) identify a giant molecular filament (GMF), which is running in the galactic longitude range 18.0 • − 16.8
• with a length of 88 pc and its near end located about only 15 ′ away from the GMC W 37. The velocity range of this GMF is 21 − 25 km s −1 in the form of 13 CO 1 − 0 line emissions, very close to the velocity of W 37 (∼ 20 km s −1 ). Because of this coherent velocity structure, Ragan et al. (2014) regard the association of this GMF with respect to W 37.
In this work, we present the preliminary results of the CO 1 − 0 line observations toward the galactic coordinate range l = 15.5 − 18.5
• and b = 0.0 − 1.5
• , as a part of the new Galactic Plane survey using the J = 1 − 0 transitions of 12 CO, 13 CO, and C 18 O molecules. In section 2, the observations and data reduction are described. The results based on the CO lines are presented in section 3. Section 4 discusses the structures of W 37. A summary is addressed in section 5.
OBSERVATIONS AND DATA REDUCTION
We observed GMC W 37 in 12 CO 1 − 0, 13 CO 1 − 0, and C 18 O 1 − 0 with the Purple Mountain Observatory Delingha (PMODLH) 13.7 m telescope (Zuo et al. 2011) Our observations covered an area from galactic longitude 15.5
• to 18.5
• and galactic latitude from 0.0 • to 1.5
• (see Fig. 1 ). The GMC W 37 was mapped using the on-the-fly observation mode, with the standard chopper wheel method for calibration (Penzias & Burrus 1973 
RESULTS

The basic characteristics of the CO emissions
The average spectra of the whole observed region in the three lines are shown in Fig 
The structure of W 37
This paper focuses on the bulk gas component of W 37 with a peak radial velocity ∼ 20 km s −1 . Fig. 1 shows the integrated intensity maps of the three lines. The distribution of 12 CO gas outlines the overall morphology of the GMC W 37, which is running perpendicular to the Galactic plane with a length about 46 pc. While the 13 CO 1 − 0 emissions trace the relatively dense parts of W 37, which also distribute perpendicular to the Galactic plane. In the C 18 O 1 − 0 emission, W 37 can be split into two major parts: the The column density map of W 37 (37 ′′ resolution, Fig. 2 in Hill et al. 2012) derived from the Herschel images shows very similar morphology to the 12 CO gas distribution. However, what the dust column density map cannot tell us is the morphology variation of W 37 along with the radial velocity in our CO lines observations. Therefore, we show this morphological variation in the form of 13 CO 1 − 0 channel map in 
Masses, column densities of the clouds
Better than the 1.2 m CO survey using a single CO line, our new CO three-line survey enables us to obtain the column density of CO gas under the assumption of local thermodynamic equilibrium (LTE). In general, the 12 CO 1 − 0 line is optically thick, hence the excitation temperature can be determined via the formula:
We To obtain the column density for a molecule, i.e. 13 CO or C 18 O, one must sum over all energy levels of the molecule. In the LTE case, the total column density of 13 CO or C 18 O is given by
Substituting the τ ( 13 CO) and τ (C 18 O) can calculate the column density of 13 CO and C 18 O, respectively.
Adopting fractional abundances of H 2 / 13 CO= 7 × 10 5 and H 2 /C 18 O= 7 × 10 6 (Castets & Langer 1995) , N ( 13 CO) and N (C 18 O) are then converted to the H 2 column density, respectively. Then we calculate the mass of the H 2 gas as
where µ = 2.83 is the average molecular weight, and S is the summed area of 13 CO 1 − 0 S/N ratios > 3.
Note that this criteria filters out many diffuse areas where only the 12 CO lines are significant. Therefore the total masses of the molecular clouds calculated from the 13 CO 1 − 0 line can be treated as the lower limits. . Specially, we refer the molecular gas mass derived from the C 18 O 1 − 0 line as the dense gas mass because of the highest critical density of the C 18 O molecule. The physical properties of the GMC W 37 and the isolated cloud G16.2+0.4 are listed in Table 2 . W 37's physical properties and length (46 pc) all fall in the typical ranges for the GMCs previously identified (e.g., Murray 2011 and references therein).
The comparison between W 37 and G16.2+0.4 clearly states the physical differences between a GMC and a molecular cloud.
DISCUSSION
Filamentary structures
The dense ridge shows a filament morphology between b ≈ 0.25 − 0.72. We show this peculiar part in Fig. 6 for clarifying its property. The dense ridge is clumpy, and clumps are distributed along the filament.
The clumpy structure is most likely the result of gravitational collapse of a cylinder. If we regard the dense gas traced by the C 18 O 1 − 0 emission as a whole, the stability of the filament can be described by the virial We recall the pair of filaments almost perpendicular to W 37, as noticed in the 13 CO channel map GMF with the GMC 37 upon considering the comparable radial velocities between them. Because of the same argument, we take this association with respect to W 37 for the right GMF. Notes: For both molecular clouds, mass calculation is made at a distance of 2.0 kpc (Linsky et al. 2007 ).
The geometric structure that the two GMFs are separated by W 37 might be the result of the dynamical evolution of an entire GMF, which is disconnected by the contraction of W 37 located at its middle way. In addition, about six class I objects have positions overlapped with the GMF on the left side, while no class I object is lying on the GMF on the right side (see Fig. 8 ). However, this differential distribution between the two GMFs is not noticed for the class II objects, which seem to be equally distributed on the two GMFs.
The differential distributions of class I objects on the two GMFs could be simply due to their differential physical properties. We can estimate the linear mass density (mass per unit length) of the two GMFs, which are help to clarify whether they are gravitationally stable or not. The mean linear mass density is thus estimated to be 88 M ⊙ pc −1 and 73 M ⊙ pc −1 for the left and right GMF, respectively, where gas mass is calculated from the 13 CO 1 − 0 emission, filament length is obtained from Fig. 5 , and mean filament width is derived by dividing the filament area with filament length. The linear mass density has a maximum value
, over which a filament will break up into pieces.The mean FWHM of 13 CO 1 − 0 emission (see Table 3 ) leads to a maximum linear mass density about 300M ⊙ pc −1 for the two GMFs. Both GMFs are not dense enough to initiate large-scale fragmentation. On the other hand, the mean dense gas fraction M C18O /M 13CO of the two GMFs are similar, which are 0.48 and 0.46 for the left and right GMF, respectively. To conclude, the mean physical properties of the two GMFs are very similar (see also Table 3 ), which is against the differential distributions of class I objects. Alternatively, a more plausible explanation is class I objects are just overlapped with the left GMF along the same LOS with no physical associations. 
Young stellar objects in W 37
Fig . 7 shows the excitation temperature map of GMC W 37. There are two domains of T ex 30, which correspond to the dense ridge and the northwestern part of W 37, respectively. These relative warm clouds are believed to be at the very beginning phases of gravitational contraction. Moreover, the dense ridge and the northwestern part of W 37 are also prominent in the dust temperature map from Herschel images (Hill et al. 2012) , whereas, they both shows dust temperature about 17 K, lower than the gas temperature.
This temperature difference might naturally comes from the two temperature tracers. The detected 12 CO 1− 0 emission mostly originates from the surface layer because the emission from inner areas are self-absorbed, however, the dust continuum emission even from the inner most area can also be detected. In addition, this temperature difference is consistent with the theoretical point that the surface layer is warmer than the inner area of a molecular cloud.
We used the latest WISE (Wright et al. 2010 ) source catalogue ALLWISE 3 to identify YSO candidates located inside the observed region, adopting the criteria from Koenig & Smolin (2014) . The class I objects are mostly distributed in the proximity of molecular gas, while the class II objects can be also frequently seen in areas with little/no molecular gas (see Fig. 8 ). This phenomenon can be interpreted as the result of the age differences between class I and class II objects. Further on, class I objects are better tracers of early stage star formation than class II objects. We still note that the class II objects have a trend of being concentrated toward the GMC W 37, and much more class I objects are found in the northwestern part than in the dense ridge. The class I objects in the northwestern part of W 37 are located close to NGC 6618.
Hill et al. (2012) argued that NGC 6611 impacts the conditions of W 37 by heating. The penetrating depth of this heating effect is found to be about 9 pc for the northwestern part whose column density is 2.3 × indicating that molecular clumps inside the northwestern part are very likely influenced by the cluster's heating effect. More class I objects found in the area close to NGC 6611 can be interpreted as the result of the heating effect of the cluster, i.e., NGC 6611 triggers the star formation in the northwestern part of W 37.
Because the northern part of W 37 is massive and dense enough to avoid of being destroyed by the highmass cluster NGC 6611, the star formation inside this area can be the result of the direct compression of pre-existing density enhancements in this area (Elmegreen 1998) . Therefore, the northwestern part of W 37
is a promising candidate of triggering star formation by cluster's influence, and is worthy of continuous investigation.
SUMMARY
We observed the J = 1 − 0 transition lines of 12 CO, 13 CO, and C 18 O toward GMC W 37, as a part of the MWISP project. The bulk of W 37's molecular gas have radial velocities between 17−24 km s −1 , which can be attributed to the near end of the Sagittarius arm. The gas mass traced by 13 CO emission is 1.7 × 10 5 M ⊙ for W 37. The dense ridge of W 37 is a dense and gravitationally bound filament, as indicated by its large linear mass ratio. Dense clumps traced by C 18 O emission are regularly spaced along the dense ridge with a mean separation about 0.28 pc, which agrees with the mean clump separation caused by 'sausage instability' in large scale. Our comprehensive CO lines survey toward W 37 confirm the discovery of G 18.0-16.8 by Ragan et al. (2014) , and identify another GMF, G 16.5-15.8, in the west 0.7
• of G 18.0-16.8. Both GMFs have very similar linear mass ratio about 80 M ⊙ pc −1 , far less than the maximum value 300 M ⊙ pc −1 , over which a filament will break up into pieces. The gas excitation temperature map shows that W 37's dense ridge and northwestern part have higher temperatures than the ambient gas, in contrast with the dust temperature derived by Hill et al. (2012) . Combining the spatial distributions of class I objects identified by AllWISE catalog and the dense clumps from our CO emission maps, it is likely that the star formation activities within the W 37 northwestern part are triggered by the associated nearby massive young cluster NGC 6611.
